INTRODUCTION
While in the Ross Sea sector of the Southern Ocean during February 1958 the writer made some detailed hydrological observations in the region of the Antarctic Convergence from U.S.S. Brough (DE 148) which was providing ocean picket support to aircraft-movements between New Zealand and McMurdo Sound during Operation Deep Freeze III of the United States Navy. Observations were made as part of the New Zealand IGY programme.
DATA
Observations used in this discussion were made between the Antarctic Circle and latitude 60 0 S in approximate longitude 1710 E ( Fig. 1 ) from 5 to 8 February 1958, and consisted of the following:
(a) Continuous records of sea temperature at a depth of 3. to 5 metres (engine-room sea water injection).
(b) Bathythermograph temperature profiles to a depth of 275m at average intervals of about 10 nautical miles.
(c) Salinity profiles at similar intervals to a depth of 125m using a Spilhaus-type Sea Sampler collecting at depths of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90. 100, and 125m. (d) Deep serial reversing bottle stations at two points in the profile, one (A356) at the northern end to a depth of 2,000m, the
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[ A UG. other (A366) in latitude 64°21' S to a depth of 1,200m, these depths being limited in the first instance by the length of wire available and, in the second, by a rising wind and ship drift. Station A356 was worked before the section was started, on 1 February. At these stations temperature and salinity were measured at the International Standard Depths. Salinity was measured on board using a. C.S.I.R.O. Portable Chlorinity Bridge (Hamon, 1956 ) as a transfer instrument between Copenhagen "normal water" and the unknowns.
( e) Two 40-gallon surface samples were taken at each end of the profile (at stations A356 and A357) for the determination of 14C activity by the Nuclear Sciences Division, D.S.I.R., and yielded results of interest to the present discussion (Table 1) . 
Each sampling position was assigned a station number of the New Zealand Oceanographic Institute; numbers A356 to A392 inclusive were occupied in the profile considered here.
The observed surface air and sea temperatures at station positions along the meridional section are shown in Fig. 2 , and the distributions of observed temperature and salinity and derived density (at) along the section are plotted in Figs 3, 4, and 5. respectively. Fig. 6 shows the temperature-salinity correlation at selected points in the profile. The numerical station data are appended.
ANTARCTIC HYDROLOGY

The Antarctic Convergence
The salient feature of Southern Ocean hydrology is the Antarctic Convergence, usually recognized as a zone of steep meridional gradient in sea surface temperature encircling the Antarctic continent in high latitudes and which describes the boundary between the great Antarctic and Sub-antarctic surface water masses of the Southern Ocean. Mackintosh (1946) has described the geography of this feature and its detailed surface temperature structure from many thermograph
traverses across it made during the Discovery investigations. Deacon (1937) described the gross three-dimensional hydrological structure of the Southern Ocean and the Convergence using conventional reversing bottle techniques, while similar work by the Norwegian (Brategg) Antarctic Expedition (Midttun and Natvig, 1957) resulted in a detailed study of the eastern and central sectors of the Pacific Antarctic Ocean. The first detailed temperature cross-sections of the Antarctic Convergence in the Pacific Sector using the bathythermograph were contributed by United States Naval activity during Operation Highjump 1947 (Pritchard and LaFond, 1952) and continued during Operation Deepfreeze, 1955 to date (Anon., 1955 (Anon., , 1957a . Deacon (1937) defined an Antarctic circumpolar layer one to two hundred metres deep which is cooled during winter to a homogeneous surface mass with a temperature near freezing, and termed it the Antarctic W inter Water. In summer, through insolation and melting of ice, the upper part of this layer is warmed and has its salinity lowered to form the Antarctic Summer Water. These water masses are together referred to as the Antarctic Upper Water. The northern part of the Southern Ocean is characterized by the Sub-antarctic Surface Water, warmer than the Antarctic Upper Water, and with both temperature and salinity increasing progressively northwards. Under the influence of prevailing winds, the movement of Antarctic Upper Water is mainly east-going north of about 65°S and west-going farther south. Driven by meridional differences in density the Antarctic Upper Water also spreads northwards until it meets the lighter Subantarctic Surface Water at the Antarctic Convergence and sinks to a deeper level giving rise to the Antarctic Intermediate T1/ater through mixing with the adjacent upper and deep layers. Deacon describes a Deep Water with origins in the Atlantic and Indian Oceans and showing a marked south-going component flowing horizontally until it reaches the Antarctic region where it rises steeply over the Antarctic Bottom Weier derived from Antarctic shelf waters. The position of the Convergence at the surface was thus related fundamentally to the northwards spread of Bottom 'Vater, and this in turn depends on the bottom topography and distance from its source. DISCUSSION OF DATA In terms of criteria for recognizing the Antarctic Convergence as a steep meridional gradient in surface temperature (Fig. 2) , and as the northward limit of the subsurface temperature inversion characteristic of the Antarctic Upper 'Vater in summer (Fig. 3) , the 3°C isotherm may be used to trace the boundary between Antarctic and Sub-antarctic water. and hence the Antarctic Convergence. Antarctic Summer Water occupies the almost homogeneous surface layer colder than 3°C down to the summer thermocline at a depth of some 50 metres. Immediately below this thermocline lies the cold core of the Antarctic Winter Water which sinks abruptly under the Sub-antarctic Surface Water in about south latitude 62°from a depth of some 80m to about 140m. It retains its identity nearly to 61.5°S, north of which occurs a marked change in the vertical temperature structure in upper layers of the water column. Water warmer than 3°C can be labelled as "sub-antarctic" for purposes of the present discussion, and Fig. 3 shows that this water overrides Antarctic Winter Water between about 61·5°Sand 63°S, with a warm surface pocket, possibly an isolated remnant from ani earlier southward movement of sub-antarctic water, which persists about 30 miles to the south of the surface outcrop of the 3°0 isotherm. This last feature, together with the secondary steep meridional gradient of surface temperature apparent (Fig. 2) over the northernmost limit of Antarctic Winter Water gives the impression of an active interplay between sub-antarctic and antarctic influence, a matter discussed further in a later section.
Water Mass Properties
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The Salinity Pattern
Little detail is evident in the salinity structure of upper layers in the section (Fig. 4) , surface salinities ranging, in general, between 33·9%0 and 34· 1%0 without systematic meridional variation. Any characteristic difference in salinity between antarctic and sub-antarctic surface waters appears here to be subordinate to the effects of local environment, probably the pattern of precipitation in! particular. Little ice was encountered while working the section. One moderate-sized berg was seen at the Antarctic Circle, a group of three bergy bits was passed in 65°S and the northernmost ice observed was a moderate berg in 64°07' S.
North of the Convergence, as marked by the 3°C isotherm, the salinity level remains fairly low and without marked variation 'with depth. South of the Convergence, however, a well-developed haloc1ine appears, the top of which traces, approximately, the core of the Antarctic Winter Water. Across the Convergence region, isohalines slope steeply downwards towards the north. The vertical salinity gradient is most strongly developed around latitude 65°S where very high salinity water C> 34·7%0) appears in near-surface layers. This water seems to have the properties of Deacon's Deep Water and its presence at this depth near the southern slopes of the Pacific Antarctic Ridge suggests an interaction between this feature and water movements guiding deep water upwards into near surface layers. This observation adds confirming evidence to suggestions concerning Pacific Antarctic circulation offered by Midttun and Natvig (1957, pp. 41, 49) who extended the results of the Brategg observations into the Ross Sea sector of the Southern Ocean using Discovery material.
They point out that surface isopleths (temperature, salinity, and dynamic height) seem to show a marked northwards deflection west hom about 150°Wand suggest the presence of a large cyclonic eddy in the general east-going movement of the Antarctic Circumpolar Current (West Wind Drift) north of the Ross Sea. They further point out (op. cit., pp. 35, 36) that Brategg data show upper layers in the southern part of this area to be dominated by "lower deep water" (Deacon's "Warm Deep Water") while observations made farther east show much lower salinity at comparable depth. It was suggested that high surface salinities would be found outside the Ross Sea and over the southerly slope of the "South Pacific Ridge" (Pacific Antarctic Ridge) west of 140 0 W, due to heavy, deep water rising towards the sea surface.
The Density Pattern
The salinity pattern exerts a controlling influence on the density structure of the section (Fig. 5) situation in the Antarctic Upper Water is balanced by the strong increase in salinity' with depth across the temperature inversion. Also, the strong downward trend of isohalines through the region of the Antarctic Convergence results in a smooth continuity of water density through the fairly abrupt temperature increase at the limit of northwards penetration of Antarctic Winter Water. Small-scale hydrostatic instabilities do appear in the density profile near positions of relatively steep density gradients, and give some idea of the scale of hydrodynamic activity present in the section associated with turbulent exchange between the various water masses involved.
While definite indication appears in the surface temperature plot of a boundary zone between sub-antarctic and antarctic waters, the dilution of surface waters results in no comparably definite discontinuity in surface water density which would mark the! localized sinking of heavy antarctic surface water with a north-going component of motion. Northwards flow due to meridional thermohaline differences would probably be greatest in the layer of Antarctic Winter Water, however, and in so far as the most significant components of mixing
and mass transport are likely to occur along isopycnal surfaces, the density distribution is favourable for water in the upper part of this layer to sink steeply below the Sub-antarctic Surface Water, particularly between the isopleths of O"t 27· 2 and 27· 3. It may be noted that Midttun and Natvig (1957, p. 59) derive the surface source and subsequent subsurface movement of Antarctic Intermediate Water in the Brategg sections as characterized by the density surface O"t 27·25.
The Antarctic Divergence
A marked drop in surface temperature was recorded just north of the Antarctic Circle associated with a deepening of the thermocline and an increase in salinity. The general slope of isopycnals, downwards to the north through the section, is consistent with the dynamics of an east-going gradient current, but this slope is reversed at the southern end of the section. While observations were not extended sufficiently far southwards to resolve the point, it may be that here is marked the boundary between the East and West Wind Drifts.
This boundary has been regarded (Anon., 1957b, p. 1) as a zone of general upwelling, and called the Antarctic Divergence. It might be pertinent to enquire into the relation between such an upwelling movement and a preferred point where the Deep Water enters the nearsurface region, with its consequent control on the position of the Antarctic Convergence to the north.
He Activity
Surface waters at each end of the section were found to be significantly depleted in 14C activity with respect to the contemporary softwood Pinus (Table 1 ) used for reference. Samples taken in the subantarctic zone farther north were essentially; of zero age with respect to the Pinus standard. The significance of this interesting result is difficult to evaluate with the data available and further work on the distribution of 14C activity in Antarctic waters is planned. The physicochemical influences on the 14C/12C ratio in ocean waters as outlined by Cooper (1956) will need to be kept in mind, an attempt made to estimate the northwards flow of 14C-poor water derived from the melting of "old" ice, and the contribution of the upwards moving Deep Water calculated, This has been shown (Brodie and Burling, 1958 ) to be of great oceanographic "age" (around 2,500 years). The admixture of a very small volume of Deep Water with the Antarctic Upper Water through normal processes of vertical turbulence could conceivably produce an appreciable apparent "age" of surface water without the hydrological properties of the Upper Water being significantly altered from their "recent" characteristics, -
T-S Relationships
There is a fundamental difficulty in using T-S curves as mixing diagrams in upper water layers, since, in the present case, mixing processes which are changing the character of the Antarctic Winter Water as it spreads northwards and sinks at the Antarctic Convergence may well be disguised by external (climatic) factors which render the temperature and salinity, to some degree, non-conservative properties. Further, with neither the magnitude of the horizontal and vertical mixing components nor the horizontal velocity separately determined it can be 'misleading to make quantitative deductions from a tongue-like distribution of water properties in a vertical plane.
While keeping these cautions in mind, however, it is interesting to examine the progressive meridional development of the vertical T-S relation as plotted in Fig. 6 . The Deep Water would seem to be represented on the mixing diagram by a point in the vicinity of A in [AUG.
recent observations made in various parts of the South-west Pacific, this effect may presently be fairly widespread and will be the subject of further study. In this Brough study, the two deep stations occupied (A356 and A366) did not reach a sufficient depth to enable proper definition of Deep Water characteristics, and missed the Bottom Water completely (probably characterised in Fig. 6 approximately by the point B). The temperature minimum characteristic of the Antarctic Winter Water is very pronounced at the southern station A357. Proceeding northwards this minimum becomes less marked as the increasing surface temperature approaches that of the underlying Deep Water, until, north of the Convergence, this feature continues to be recognized as a sharp break in the T -S curve (station A356). The locus of these points (C lC2 in Fig. 6 ) is practically orthogonal to th-e isopleths of constant potential density, suggesting a predominance of vertical over lateral mixing to account for the progressive alteration in the character of the Antarctic Winter Water along the section. The increasing trend in salinity from north to south probably reflects the increasing influence of the rising Deep Water. The line ClC2 projected to meet the freezing temperature (about -'0-1.9 0 C) reaches a salinity of about 34· 44%0' which will, presumably, be close to that of the whole Antarctic Upper Water in winter. That this value is somewhat higher than average figures reported for other parts of the Antarctic region (e.g., Midtunn and N atvig, 1957, p. 73) once more suggests the effect of the Pacific Antarctic Ridge on the vertical movement of the Deep Water north of the Ross Sea. From the region of the point C l on Fig. 6 the curve characteristic of the core of the Antarctic Intermediate 'Water will bend sharply to the right of the line ec l , continuing practically parallel with the isopleths of constant at under the influence of lateral mixing along the tongue of minimum salinity which is characteristic of this layer in more northern waters. CONVERGENCE STRUCTURE Midttun and Natvig (1957, p. 79) , in summarising ideas on the structure of the Antarctic Convergence, state: ", . . it is clear that a southward movement (of the sub-antarctic upper layer) must take place, . . . this movement has some connection with the presence of the Antarctic Convergence." This idea perhaps neglects the possibility of convergent motion between sub-antarctic and antarctic surface waters both with a north-going velocity component derived from prevailing westerly winds, the relative convergent motion being due to an increased northwards pressure in the Antarctic water due to thermohaline effects. Any enhancement of the convergent motion due to a south-going movement in the sub-antarctic surface water would seem to require a region of upwelling somewhere in the sub-antarctic zone since a north-going component in the West Wind Drift, prevails Without simultaneous data to check on the detail of zonal variations in the structure of the Convergence, these sections will be described in terms of time variations neglecting differences in longitude. The first-mentioned possibility is of importance, however, as the development of waves and eddies in the frontal surface between antarctic and sub-antarctic water will provide significant boundary friction to major currents in these water masses, and may well exert a controlling influence on the dynamics of gradient currents in this region. Time would be well spent, therefore, in the repetition of detailed T -S sections across the Convergence, closely spaced in longitude and in time, to evaluate this effect. Each section of Fig. 7 shows the surface outcrop of the Convergence in approximately 63°S, well south of the mean position of this feature as plotted by Mackintosh (1946) . Considerable variations in the development of the cold tongue of Antarctic Winter Water are apparent, however. In section (a) this tongue stops abruptly, with a "finger" pointing sharply downwards, at 62°S. For the most part, however, the core of the tongue is relatively warm, the northward limit of water less than -1°C being well south of 65°S. Water warmer than 3°C lies north of the convergence in depths shallower than the Antarctic tongue. In section (b) -worked 9 days later, on 2 January-the sub-antarctic water has warmed and deepened slightly, while the tongue of Antarctic Winter Water has retreated to lie under the convergence at the surface in about 62°S. The cold water at the core of this tongue has intensified, however, water co1cler than -1°C now extending north to the Convergence. Section (c)-worked just over one month later, on 7 February-shows this near-freezing water to have retreated southwards of 64·5°S but the Antarctic winter tongue as a whole has pushed well north (to approximately 61· 5°S) under the sub-antarctic surface water. This has further warmed and deepened, the 3°C isotherm north of the tongue lying well below the level of the Winter Water. The final section (e)-worked yet another month later, 10
March-s-can be constructed in very general fonn only because of the relatively few bathythermograph soundings available. However, it is apparent that water warmer than 3°C continues to occupy a large volume north of the Convergence and that the tongue of Winter Water has retreated well to the south.
These sections give some indication of the complex interplay of factors which control the detailed structure of the Antarctic Convergence, the nature of which will make an interesting subject for further study.
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